Keywords: LIC/spermatogenesis/isoform/motor protein/in situ hybridization ABSTRACT.We obtained three kinds of novel cytoplasmic dynein light-intermediate chain (LIC) isoforms from rat testis and brain by reverse transcription polymerase chain reaction (RT-PCR). The primers for RT-PCR were designed according to LIC-2 (LIC 53/55) (15). In one novel isoform, the 42 bp specific sequence named TDL was inserted between 1,106 and 1,107 nucleotides (nts) of LIC-2, whereas the 57 bp sequence corresponding to LIC-2 1,339-1,395 nts (BDL) was absent. The TDLand BDLregions were specifically digested with restriction enzymatic treatment and followed by subcloning of non-digested CDNA band in testis and brain, producing an isoform without TDL and BDLregions. BDLspecific RT-PCRof testis CDNAfollowed by sequencing produced an isoform with two specific regions. By Northern blot hybridization using TDLand BDL specific antisense oligo DNAprobe, 4.4, 3.5, and 2.0 kb of signals were detected. With both TDLand BDL probes, the 2.0 kb signal was intensely detected in testis, while the 4.4 kb was defected in brain. This indicates that TDLand BDLare derived from the same size of mRNAs.In situ hybridization method using these probes showed that all seminiferous epithelial cells, especially late pachytene spermatocytes, were positive, indicating that LIC 53/55 isoforms were coexpressed in these cells. These findings indicate that LIC 53/55 isoforms provide a variety of dynein subunits, and thus may regulate the dynein-dependent intracellular transport system.
Golgi apparatus (8), lysosomes (20) , and others (2, 3, 14, 37, 38, 41) containing several ATP binding P-loops (ll, 19, 22, 28, 48) , is a force production motor subunit homologous to flagellar dynein heavy chain (22, 48) . The intermediate chain isoforms bind to pl50Glued, a subunit of dynactin complex (42), and share homology with the two Chlamydomonas flagellar dynein intermediate chains (23, 43) .
The LICs are composed of 53, 55, 57, and 59 kDa polypeptides (32). Alkaline phosphatase treatment substantially simplifies these four bands to two bands, LIC 53/55 and LIC 57/59 (15) . While the LICs have a nucleotide-binding P-loop sequence and a homology with ABCtransporter only in the sequence (15) , their function is still unclear.
In the testis, microtubules of characteristic alignment are present in spermatogenic and Sertoli cells. In spermatogenic cells, while microtubules appear as a kinetochore of mitosis/meiosis of spermatogonia and spermatocytes, they characteristically assemble in manchettes (44) of elongating spermatids. It is thought that these microtubules mayact to segregate chromosomeof dividing cells and to transform or protrude spermatid nucleus (9, 10, 35) . In Sertoli cells, microtubules are aligned in parallel from basal to apical sides and are oriented with their minus-ends to the lumen of seminiferous tubules (34). Manymembranous organelles, and endocytotic and exocytotic droplets are transported along the longituidal side of Sertoli cells in a stage-dependent manner (4, 5, 16, 17, 33, 40, 45) . This is especially the care with elongating spermatids which are once invited to the basal side and then transported to the apical side before spermiation.
In the microtubule-dependent transport system of Sertoli cells, microtubule-associated motor proteins maybe related. In * To whomcorrespondence should be addressed.
Tel: +81-3-3812-2111 ext. 5384, Fax: +81-3-5800-6896 Sertoli cells, microtubules run parallel in orientation and are spaced one to two microtubule diameters apart, suggesting the presence of microtubule-associated spacer molecules, such as motor proteins (25) . In rat testis, cytoplasmic dynein was biochemically isolated as HMW-2 (7, 26) . Similarly, both kinesin and cytoplasmic dynein were immunohistochemically detected (12, 47 (12, 47) . In our previous study (21), cytoplasmic dynein LIC mRNAwas expressed in all stages of spermatogenic cells, and was especially intense in late pachytene spermatocytes and round spermatids. In Sertoli cells, the mRNA was expressed but not stage-dependently. Northern blot analysis showed that LIC mRNA was composed of three types of signals: 4.4, 3.5, and 2.0kb long. The 4.4kb signal was mainly present in brain, while the 2.0 kb signal was in testis (15, 21) . The 2.0kb signal was a species of the 4.4 kb signal because a probe for 3'-untranslated signal did not recognize the 2.0 kb signal (15) . These facts indicate that cytoplasmic dynein may be highly regulated by their subunits. Therefore, analysis of each subunit may be useful to clarify the dyneindependent transport system in testis. In this study, we found the isoforms of cytoplasmic dynein LIC 53/55 (15) and carried out the analysis of their specific regions by in situ and Northern hybridization.
MATERIALS AND METHODS

Animal
Adult male Wistar Imamichi rats (10-12 weeks old) were used for RNApreparation and for in situ hybridization. They were maintained in our laboratory and received free-choice feed and water ad libitum. Under anesthetization with diethylether, testis and brain were excised and frozen with liquid nitrogen and stored at -80°C. Preparation of sample for in situ hybridization was as follows.
Reverse transcription polymerase chain reaction (RT-PCR) Total RNAsof rat testis and brain were extracted and purified with ISOGENá" (Nippongene, Japan) according to the procedure of the manual. In situ hybridization
The rat testis was per fused with physiological saline, followed by Bouin's fixative. The specimens were dehydrated, embedded in paraffin, sectioned, deparamnized, and washed with 0.01 Mphosphate buffered saline (PBS; pH 7.4). Before hybridization, pre-treatments were performed by proteinase K and followed by 4% paraformaldehyde. Hybridization was carried out with digoxigenin-labeled oligo DNAprobe, 5-GGAGGTTCTTGTGGGCGTGGCAGGCTGCTTGGCAA GGAGTGA-3' and 5'-TCACTCCTTGCCAAGCAGCCTG CCACGCCCACAAGAACCTCC-3' for antisense and sense probe of TDL region or 5 -TTTGACAGCACTGTTCTGT TAAGGATCTGAAGCTCTGGGGCTCTCCTTCTGTACC TG-3' and 5 -CAGGTACAGAAGGAGAGCCCCAGAGC TTCAGATCCTTAACAGAACAGT-3' for antisense and sense probe of BDL region, respectively, for 16 hr at 42°C. After washing the samples with 2 x SSCto remove unhybridized probes, signal was detected by incubating the specimens with alkaline phosphatase labeled anti-digoxigenin antibody (Boehringer Mannheim, Germany). After washing with PBS, they were treated with BCIP/NBT.
Northern blot hybridization Ten fig of prepared poly(A)+ tailed mRNAof rat testis and brain were purified from total RNAsby using oligo d(T)+ latex (Takara, Japan) and then electrophoresed on 0.41 M formaldehyde/\% agarose gel in l x MOPSbuffer. Electrophoresed samples were transferred to nylon membrane(Boehringer Mannheim, Germany) by downward alkaline transfer protocol (6) . Hybridization was performed by incubating with digoxigenin-labeled oligo DNAprobes specific to TDLor BDLregion in ECLá"hybridization buffer (Amersham, UK)
for 12hr at 40°C. The hybridized membrane was washed three times with 0.2 x SSC containing 0.\% SDS for 30 min at 40°C. Signal detection was carried out by incubating the hybridized membrane with alkaline phosphatase-labeled antidigoxigenin antibody (Boehringer Mannheim, Germany) and followed by treated disodium
phenyl phosphate (CSPD; Boehringer Mannheim, Germany)
and exposed on X-ray film overnight.
RESULTS
Characterization of subcloned PCR products in rat testis Molecular mass of clones obtained from testis PCR products, PCR-A, -B, and -C, were 510, 618, and 747 bp ( Fig. 2) , respectively. None of amplified bands were detected in reverse transcriptase free controls. In PCR-A and -B clones, base compositions were 100% match with LIC 53/55 (LIC-2) ORF (15) from 6 to 515 nt and 336 to 953 nt, but sequential composition of PCR-C clones did not match with LIC 53/55 ORF 735 to 1,496 nt. A 42bp specific sequence was inserted between 1,106 and 1,107nt, whereas a 57bp sequence corresponding to 1,339-1,395 nt of LIC 53/55 was absent (Fig. 2) . Thus, these specific regions, the 42 bp of PCR-C clone and the 57bp of LIC 53/55 type clone, were named TDL and BDL regions, respectively, and the clones containing one of these specific regions were named TDLor BDLtype clone. Their sequential precision was confirmed by obtaining the same base composition of each type from at least six clones.
Characterization of other isoforms of cytoplasmic dynein LIC 53/55
Restriction enzymatic digestion was carried out with Ban II, Hae II, MwoI, Nde I, orPst I, Hae II, Nde I, and Pst I cut off the commonsites of BDL-and TDLtype clones. Ban II and MwoI specifically digest the BDLand TDLregions, respectively. Hae I, Nde I, and Pst I digested almost all PCR-C product into their cutting fragments size of each in brain and testis (Figs. 2 and 3) . Ban II digested PCR-C products of brain and testis. However, predicted size visible bands were not observed (Fig. 3) . PCR-C products of both brain and testis were digested with MwoI into predicted fragments but not all (Fig. 3) . The amount of the remaining bands, approximately 700 bp, were greater in brain than in testis. They were purified from gel and subcloned followed by sequencing. Their nucleotides com- The primers which recognize the BDLspecific region was used for RT-PCR,with the result that clear bands were observed in testis and brain. However, they required 40 cycles for PCR. These PCR products were subcloned and sequenced, and then two types of isoforms were obtained. One possessed only BDLregion, and another possessed both TDLand BDLregions.
Therefore, the isoform with two types of specific re- gions was named B-TDL type (Fig. 4) . The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL, and GENBANK nucleotide sequence database with the following accession numbers:
AB008521 (TDL), AB008522 (BDL), AB008523 (NDL), and AB008524 (B-TDL).
In situ localization of cytoplasmic dynein LIC isoforms Four types of cytoplasmic dynein LIC isoforms were expressed in both brain and testis. To confirm whether these isoforms coexist in one cell, in situ hybridization was carried out in rat testis using TDL-and BDLspecific oligo DNAprobes. As a result, they were expressed in almost all cell types in seminiferous epithelium, although the reactivity of the BDL probe was weak compared to that of the TDL probe (Fig. 5 ). All types of spermatogenic cells (spermatogonia, spermatocytes, and spermatids) were positive. Especially pachytene spermatocytes were strongly reacted with both TDL and BDL probes (Fig. 6) . Spermatogonia, early spermatocytes, and elongating spermatids were relatively reacted at lower level, though constant throughout the spermatogenic cycle (Fig. 6 ). The reaction of BDL was weak in comparison with that of TDL (Fig. 6) , indicating that the isoforms with BDL region, i.e., BDL and B-TDLtypes, were expressed in the cells to a lesser degree than TDLtype. This supports the results from BDL-specific PCR and digestion assay of PCR-C products. In Sertoli cells, TDL-and BDL-type were expressed at constant level during the cycle. However, their reactions were repressed at lower level than that of pachytene spermatocytes and round spermatids.
Northern blot hybridization
In testis, the mRNA signals recognized TDL oligo DNA were detected at 4.4, 3.5, and 2.0 kb (Fig. 7) . The 2.0 kb signal was especially intense. In brain, 4.4 and 3.5 kb signals were detected. The 4.4 kb was intense, but the 3.5 kb was very low. The mRNA signals recognized BDLoligo DNAwere detectable as the same length with TDLin both testis and brain, but their intensities were lower than TDL.
DISCUSSION
In this study, we determined isoforms of cytoplasmic dynein LIC 53/55 in rat testis, and showed the existence of three novel isoforms in addition to LIC-2 (15). BDL  ICACGATTACC  GAGACGAGCA  CCTG6ACTTC  ATCCAGGCGC  ATCTGCGGGG  ATTCTGCCTC  CA6TATGGAG  CTGCCTTGAT  TTACACCTCA  90   TOL  CACGATTACC  GAGACGAGCA  CCTGGACTTC  ATCCAGGCGC  ATCTGCGGGG  ATTCTGCCTC  CAGTATGGAG  CTGCCTTGAT  TTACACCTCA  90  NDL  CACGATTACC  GAGACGAGCA  CCTGGACTTC  ATCCAGGCGC  ATCTGCGGGG  ATTCTGCCTC  CAGTATGGAG  CTGCCTTGAT  TTACACCTCA  90   B-TDL CACGATTACC  GAGACGAGCA CCTGGACTTC  ATCCAGGCGC  ATCTGCGGGG  ATTCTGCCTC  CAGTATGGAG  CTGCCTTGAT  TTACACCTCA  90   GTGAAGGAAG  AGAAAAACCT  TGACTTGCTG  TATAAGTACA  TTGTTCATAA  AACATACGGC  TTCCACTTCA  CCATACCCGC  CTTAGTTGTG  180   GTGAAGGAAG  AGAAAAACCT  TGACTTGCTG  TATAAGTACA  TTGTTCATAA  AACATACGGC  TTCCACTTCA  CCATACCCGC  CTTAGTTGTG  180  GTGAAGGAAG  AGAAAAACCT  TGACTTGCTG  TATAAGTACA  TTGTTCATAA  AACATACGGC  TTCCACTTCA  CCATACCCGC  CTTAGTTGTG  180   GTGAAGGAAG  AGAAAAACCT  TGACTTGCTG  TATAAGTACA  TTGTTCATAA  AACATACGGC  TTCCACTTCA  CCATACCCGC  CTTAGTTGTG GCAAGTGAAG  GGGTATTGGC  CAGCTTCTTC  AATAGTCTGT  TGAGTAAAAA  GACAGGCTCT  CCTGGAAGTC  CCAGTGCTGG TGGAGTGCAG  588  GCAAGTGAAG GGGTATTGGC  CAGCTTCTTC  AATAGTCTGT  TGAGTAAAAA  GACAGGCTCT  CCTGGAAGTC  CCAGTGCTGG  TGGAGTGCAG  630   GCAAGTGAAG  GGGTATTGGC  CAGCTTCTTC  AATAGTCTGT  TGAGTAAAAA  GACAGGCTCT  CCTGGAAGTC  CCAGTGCTGG  TGGAGTGCAG  588  GCAAGTGAAG  GGGTATTGGC  CAGCTTCTTC  AATAGTCTGT  TGAGTAAAAA  GACAGGCTCT  CCTGGAAGTC  CCAGTGCTGG  TGGAGTGCAG  630   AGCACAGCCA  AGAAGT<|AGG  TACAGAAGGA  GAGCCCCAGA  GCTTCAGATC  CTTAACAGAA  CAGTGCTGTC  AAACJAGGACA  AAAGACTGTG  I 678   AGCACAGCCA AGAAGT  (AGGACA  AAAGACTGTG  663   AGCACAGCCA  AGAAGT  (AGGACA  AAAGACTGTG  621  AGCACAGCCA AGAAGT< AGG TACAGAAGGA  GAGCCCCAGA GCTTCAGATC  CTTAACAGAA  CAGTGCTGTC  AAA(AGGACA  AAAGACTGTG  720   Ban  II   TTGTCAAACG  TTCAGGAAGA  ACTGGATAGA  ATGACTCGAA  AACCAGACTC  CATGGTAACG  AACTCTTCAA  CAGAAAACGA  AGCC  762  TTGTCAAACG  TTCAGGAAGA  ACTGGATAGA  ATGACTCGAA  AACCAGACTC  CATGGTAACG  AACTCTTCAA  CAGAAAACGA  AGCC  747   TTGTCAAACG  TTCAGGAAGA  ACTGGATAGA  ATGACTCGAA  AACCAGACTC  CATGGTAACG  AACTCTTCAA  CAGAAAACGA  AGCC  705  TTGTCAAACG  TTCAGGAAGA  ACTGGATAGA  ATGACTCGAA  AACCAGACTC  CATGGTAACG  AACTCTTCAA  CAGAAAACGA  AGCC common nucleotide sequences, although it would be necessary to determine the sequences of total length of isoform clones. A PCR-Asite containing P-loop consensus of ATPase has a homology with ABCtransporter super family (15) . While the functional significances of cytoplasmic dynein LIC and ATPase are not determined, this N-terminal enzymatic activity may play a role in transport system with dynein heavy chains or specific transport system-related function. (18, 24, 27, 29, 36, 46 å 'à" à".' :å -r à"à"å *Wi*'~.s:å '' à"à"à"à"à"-à" ' ..
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